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2 Tokkai-hei 11-233471 

(54)[Title of the Invention] COMPLETELY-SEALED-TYPE GAS-LIQUID 

CLEANING DEVICE AND CLEANING METHOD 
(57) [Summary] 

[Object] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device which is capable of cleaning with an excellent cleaning 
efficiency, and a cleaning method thereof. 

[Solving Means] A cleaning device of the present invention is a completely-sealed-type 
cleaning device characterized by having a cleaning fluid inlet for introducing a cleaning 
fluid into the inside thereof; and a cleaning fluid outlet for discharging the inside 
cleaning fluid to the outside, and by having a cleaning tank which can be sealed after a 
cleaning object is housed inside; a tank which is connected to the cleaning fluid outlet 
and which is for storing the cleaning fluid after cleaning; and pressure-reducing means 
for causing the inside of the tank to be in a pressure-reduced state. 
[Scope of Claims] 

[Claim 1] A completely-sealed-type gas-liquid cleaning device having a cleaning fluid 
inlet for introducing a cleaning fluid into an inside thereof, and a cleaning fluid outlet for 
discharging the inside cleaning fluid to an outside, characterized by comprising: 

a cleaning tank which can be sealed after a cleaning object is housed inside; 

a tank which is connected to the cleaning fluid outlet, and which is for storing 
the cleaning fluid after cleaning; and 

pressure-reducing means for making the inside of the tank to be in a 
pressure-reduced state. 

[Claim 2] The completely-sealed-type gas-liquid cleaning device according to claim 1 , 
characterized in that the cleaning tank is made of a material having translucency. 
[Claim 3] The completely-sealed-type gas-liquid cleaning device according to any one of 
claims 1 and 2, characterized in that light irradiation means for irradiating the inside of 
the sealed cleaning tank with light is provided outside the cleaning tank. 
[Claim 4] The completely-sealed-type gas-liquid cleaning device according to any one of 
claims 1 to 3, characterized in that pressure-increase means, which is for increasing the 
pressure in a cleaning fluid to be introduced into the inside of the cleaning tank, is 
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provided. 

[Claim 5] The completely-sealed-type gas-liquid cleaning device according to any one of 
claims 1 to 4, characterized in that heating means for heating the inside of the cleaning 
tank is provided. 

[Claim 6] The completely-sealed-type gas-liquid cleaning device according to any one of 
claims 11 to 5, characterized in that the heating means is an infrared lamp provided 
outside the cleaning tank. 

[Claim 7] The completely-sealed-type gas-liquid cleaning device according to any one of 
claims 1 to 6, characterized in that the pressure-reducing means is an aspirator. 
[Claim 8] The completely-sealed -type gas-liquid cleaning device according to any one 
of claims 1 to 7, characterized in that the cleaning fluid is a liquid. 

[Claim 9] The completely-sealed-type gas-liquid cleaning device according to any one of 
claims 1 to 7, characterized in that the cleaning fluid is a gas. 

[Claim 10] The completely-sealed-type gas-liquid cleaning device according to any one 
of claims 1 to 9, characterized in that a plurality of cleaning fluid sources are connected 
to the cleaning fluid inlet through valves. 

[Claim 11] The completely-sealed-type gas-liquid cleaning device according to any one 
of claims 1 to 10, characterized in that purification means, which is for purifying the 
cleaning fluid stored in the tank after cleaning, is provided. 

[Claim 12] The completely-sealed-type gas-liquid cleaning device according to claim 11, 
characterized in that a circulation line for causing a purified cleaning fluid, which is 
purified by the purification means, to flow back into the cleaning fluid source. 
[Claim 13] The completely-sealed-type gas-liquid cleaning device according to any one 
of claims 1 to 12, characterized in that a trap is provided downstream of the 
pressure-reducing means. 

[Claim 14] The completely-sealed-type gas-liquid cleaning device according to any one 
of claims 1 to 13, characterized in that a switching valve, which is for making the 
cleaning fluid inlet serve as a port for discharging the inside cleaning fluid inside to the 
outside, and for making the cleaning fluid outlet serve as a cleaning fluid inlet for 
introducing a cleaning fluid to the inside, is provided. The complete-sealed-type 
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gas-liquid cleaning device comprises: a cleaning tank which can be sealed after a 
cleaning object is housed inside; and a tank which is connected to the cleaning fluid 
outlet and which is for storing the cleaning fluid after cleaning. 

[Claim 15] A completely-sealed-type gas-liquid cleaning method characterized in that a 
cleaning tank is sealed after the cleaning object is placed inside the cleaning tank; insides 
of the cleaning tank, a line, and a tank become in a pressure-reduced state by discharging 
air in the cleaning tank and the tank communicating with the cleaning tank through the 
line; and then, by making the cleaning tank in the pressure-reduced state and a chemical 
fluid supply source become in a communicating state, the chemical fluid is introduced to 
the inside of the cleaning tank. 

[Claim 16] The completely-sealed-type gas-liquid cleaning method according to claim 
15, characterized in that when the cleaning tank and the chemical fluid supply source are 
in the communicating state, air discharging in the pressure-reduction tank is suspended. 
[Claim 17] The completely-sealed-type gas-liquid cleaning method according to claim 
15, characterized in that when the cleaning tank and the chemical fluid supply source are 
in the communicating state, air discharging in the pressure-reduction tank is being 
performed. 

[Claim 18] The completely-sealed-type gas-liquid cleaning method according to claim 
15, characterized in that the pressure-reduced state is at not higher than 100 Torr. 
[Claim 19] The completely-sealed-type gas-liquid cleaning method according to claim 
18, characterized in that the pressure-reduced state is at 10 Torr to lOOTorr. 
[Claim 20] The completely-sealed-type gas-liquid cleaning method according to any one 
of claims 15 to 19, characterized in that the cleaning fluid is pressurized and the cleaning 
fluid is introduced into the cleaning tank. 

[Claim 21] The completely-sealed-type gas-liquid cleaning method according to any one 
of claims 15 to 20, characterized in that a plurality of cleaning steps are successively 
carried out in the single cleaning tank. 

[Claim 22] The completely-sealed-type gas-liquid cleaning method according to any one 

of claims 15 to 21, characterized in that the cleaning fluid is a liquid. 

[Claim 23] The completely-sealed-type gas-liquid cleaning method according to any one 
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of claims 15 to 21, characterized in that the cleaning fluid is a gas. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Industrial Applicability] The present invention relates to a 
completely-sealed-type gas-liquid cleaning device and a cleaning method thereof. 
[0002] 

[Prior Art] A conventional technology will be described, taking a very large scale 
integrated circuit as an example. Manufacturing of the very large scale integrated 
circuit is carried out by repeating steps of forming a thin film such as a metal film or an 
insulating film on an entire surface of a silicon wafer, and of etching and removing the 
thin film in a manner that only necessary patterns are left. 

[0003] Recently, in some cases, processing, that is, the "CMP (chemical mechanical 
planarization) processing" for flattening an uneven surface of a wafer is adopted, and to 
the surface of the wafer processed through the CMP processing, remaining abrasive 
powders are attached. Removal of the abrasive powders is not easy. 
[0004] Accordingly, before and after each step, a cleaning step for removing various 
contaminants on the wafer is required. 

[0005] The following conditions are required for a wafer before each manufacturing 
process. 

(1) There is no contamination by particles. 

(2) There is no metal contamination. 

(3) There is no organic contamination. 

(4) There is no moisture absorption. 

(5) There is no natural oxide film. 

(6) There is no unevenness on the surface at an atomic scale. 

(7) A surface of silicon is completely hydrogen-terminated. 

(8) There is no electrification. 

[0006] Currently, generally-used cleaning methods are composed based on a wet 
cleaning method (RCA cleaning) by use of a chemical fluid containing a hydrogen 
peroxide solution as an essential component. An example is shown in Table 1. 
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[0007] 
[TABLE 1] 



Cleaning fluid 


Mixing Ratio 


Used Temperature 


Objects to be Cleaned 


H^SOa / H->0? f SPM) 


4:1 


120°C 


Organic Material, Metal 


H-»0 rinse 




Room Temperature 


Chemical 


HF / H 2 0 (DHF) 


1:100 


Room Temperature 


Natural Oxide Film 


H2O rinse 




Room Temperature 


Chemical 


NH4 OH/H 2 0 2 /H 2 0 (APM) 


1:1:5 


70-90QC 


Particles, Organic Material 


Hot H 2 0 rinse 




80QC 


Chemical 


H 2 0 rinse 




Room Temperature 


Chemical 


HCL/H 2 0 2 /H 2 0 (HPM) 


1:1:6 


70-90QC 


Metal 


H 2 0 rinse 




Room Temperature 


Chemical 


HF / H 2 0 (DHF) 


1:100 


Room Temperature 


Natural Oxide Film 


H 2 0 rinse 




Room Temperature 


Chemical 



[0008] In a case of performing such cleaning, as shown in Fig. 5, a wafer 2, which is 
expected to be processed by one-piece or in a batch, is immersed and cleaned in a SPM 
cleaning tank la having an upper part opened. After the SPM cleaning, the wafer 2 is 
taken out from the SPM cleaning tank la into the atmosphere by use of a transfer system 
(not illustrated), and is rinsed with purified water for the purpose of removing SPM. 
Subsequently, by means of the transfer system, the wafer 2 is immersed and cleaned 
sequentially in a DHD tank lb, an APM tank lc, a MHP tank Id, and a DHF tank le, 
each of which also has an upper part opened. Rinsing with purified water is performed 
between each cleaning. 

[0009] However, there have been the following problems with respect to the 
above-described conventional technology. 

[0010] (1) In general, when cleaning is performed, a cleaning fluid and contaminants 
react with each other and result in generation of a reaction product gas. It goes without 
saying that when this reaction product gas is discharged into a clean room, the clean 
room is contaminated. 
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[0011] This reaction gas remains in the cleaning tank and dissolve into the cleaning 
fluid. Accordingly, in a case where a cleaning object is so large that a large amount of 
reaction product gas is generated, the amount thereof exceeds a limit of saturation 
solubility of a cleaning fluid. When the saturation solubility is exceeded, it becomes 
difficult to progress a reaction between the cleaning fluid and contaminants, and then, 
this leads to deterioration in cleaning efficiency. 

[0012] Further, when the cleaning fluid is degraded, the cleaning fluid is drained from 
the cleaning tank, and the drained fluid is disposed of. With respect to an 
environmental aspect, it is necessary to perform processing on the drained fluid ahead of 
the disposal. However, in the conventional technology, the processing is difficult 
because the drained fluid is in a state where the cleaning fluid and the reaction product 
gas coexist. 

[001 3] In addition, in the conventional technology, there is also a problem that since the 
draining is performed directly in the tank which is exposed to the atmosphere, 
unfavorable substances are mixed in the cleaning tank. 

[0014] (2) Since the cleaning object (for example, a wafer) 2 is transferred in the 
atmosphere by the transfer system at each time of transfer between tanks, particles and 
contaminants in the atmosphere are attached to the cleaning object 2. 
[0015] Additionally, dust is also generated in the transfer system, especially from 
sliding parts, and the dust is also attached to the wafer 2 which is the cleaning object. 
[0016] (3) Due to the cleaning, the particles, dust and the like are detached from the 
surface of the wafer. However, the detached particles and dust flow in the vicinity of 
the cleaning object or float on a surface of a chemical fluid because the chemical fluid 
flows slowly. There are some cases that such particles, dust and the like are attached 
again to a cleaning object in a chemical fluid, or when the cleaning object is raised up 
from the chemical fluid tank. 

[0017] (4) Further, the conventional cleaning device discharges ion mist into the clean 
room because the top part thereof is opened. 

[0018] For this reason, the cleaning device needs to be arranged separately from other 
film forming devices. Consequently, it has been obliged to accept a limitation on a 
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layout design of devices in the clean room. 

[0019] For example, it is not possible to arrange the cleaning device near an aligner 
using a resist, and accordingly, it is forced that the aligner and the cleaning device are 
arranged separately from each other. 

[0020] Furthermore, it is necessary to discharge a large amount of clean air through the 
cleaning device in order to prevent the mist from entering the clean room. For this, in 
consideration of a pressure drop in a discharging duct, it is necessary to use a 
large-diameter duct and make the duct as short as possible. As a consequence, it is not 
possible to arbitrarily determine a installation location of the cleaning device, and 
constraints are imposed thereon in relation to a discharged-gas processing device or the 
like. Still further, a large discharged-gas processing device (scrubber) is required to 
remove chemical vapor in a large amount of discharged air, while an air conditioning 
device for an intake of a large amount of fresh air is necessary in order to make up for the 
discharged clean air. 

[0021] As described, the conventional cleaning device increase an equipment cost and 
a maintenance cost of a clean room, and additionally, a installation location thereof in the 
clean room is limited. As a result, it is not possible to arrange each semiconductor 
manufacturing device in an optimum location from the processing point of view, and a 
transfer distance to a processing device of a next step after cleaning is increased. 
Accordingly, there have become problems of contamination and the like of a 
semiconductor substrate during transfer by clean air in manufacturing of high 
performance integrated devices. 

[0022] For instance, a space of a clean room plant, where approximately three million 
16 M-bit or 64 M-bit DRAMs are manufactured per month, is significantly upsized to be 
approximately 80><200m 2 , and approximately 20% of approximately five-hundred 
process steps in total is cleaning steps. Consequently, a transfer distance of a 
semiconductor substrate through the whole steps becomes close to 10km. Additionally, 
in a case of a closed system in which a transfer is carried out through a nitrogen tunnel or 
a nitrogen box, inhibition of the surface contamination is possible. However, a transfer 
path becomes longer and complicated, and a cost thereof becomes so enormous that the 
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realization thereof has not been possible in practice. 

[0023] Furthermore, as existing discharged-air processing devices, what is termed as 
"scrubber" is widely used. However, discharged air of some types of chemicals is not 
sufficiently processed and the air containing contaminants is discharged into the 
atmosphere although it is a very small amount. Accordingly, a scrubber is generally 
arranged on a leeward side of an intake port of fresh air of the clean room, in order that 
gas discharged from the scrubber is not taken into the clean room. However, in some 
cases, the scrubber is arranged on a windward side of the intake of fresh air, depending 
on wind directions. In this case, the chemical vapor is taken into the inside of the clean 
room, and as a result, the inside of the clean room is contaminated. For this reason, a 
high exhaust port is prepared and the flow rate of the discharged air is sufficiently 
increased, whereby the discharged gas is emitted high up in the air. Additionally, as 
described above, in consideration of the path of the discharging duct to enhance an 
efficiency of air discharge, there is also a limitation on the locational relationship 
between the installation locations of the cleaning device and of the scrubber in the clean 
room. 

[0024] Furthermore, recently, in order to realize higher integration, it has begun 
considering a chemical-sensitizing resist. However, this resist sensitively reacts with a 
very small amount of ammonium as lOppb, and this causes a change in a resist shape. 
Accordingly, in a case of using ammonium in the RCA cleaning or the like, meticulous 
attention needs to be paid in order that an ammonium mist and the resist have no contact 
with each other. Consequently, it is required that the cleaning device and a 
photolithography device are arranged in a way completely separated from each other. 
[0025] As described above, in the conventional cleaning technology, since the mist is 
discharged inside the clean room, the installation location of the cleaning device in the 
clean room is limited. Moreover, a further limitation is imposed on the installation 
location in relation to an influence of chemicals on other steps, the chemical being used 
in the cleaning device, and the discharged-air processing device. Consequently, it is not 
possible to arrange each manufacturing processing device in accordance with an 
optimum locational relation for the manufacturing process, in other words, in accordance 
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with the manufacturing process order. As a result, there is a problem that a transfer 
distance of a semiconductor substrate becomes extraordinary long, and this prevents a 
high productivity in producing semiconductor devices and a high yield thereof 
[0026] (5) In addition to this, in the conventional cleaning technology, because a tank has 
an upper part opened, a cleaning fluid is limited to a liquid and gaseous material having 
cleaning effects cannot be used. (6) Furthermore, it is difficult to completely remove 
abrasive powders attached to a surface after applying CMP. 
[0027] 

[Problems to be Solved by the Invention] An object of the present invention is to provide 
a completely-sealed-type gas-liquid cleaning device which is capable of cleaning with an 
excellent cleaning efficiency, and a cleaning method thereof. 

[0028] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device which makes processing of a degraded cleaning fluid easy. 
[0029] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device in which contamination in a cleaning tank by unfavorable 
substances in is not caused during disposing of a cleaning fluid. 

[0030] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device with which it is possible to avoid contamination by particles 
from the atmosphere, and contamination by dust from mechanical sections. 
[0031] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device with which it is possible to avoid reattachment of particles, 
which have been detached from a cleaning object, thereto. 

[0032] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device which can expand alternatives in cleaning due to introduction 
of gaseous fluids. 

[0033] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device in which a flow rate can be controlled. 

[0034] An object of the present invention is to provide a completely-sealed-type 
gas-liquid cleaning device with which it is possible to prevent mist from flowing into a 
clean room. 
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[0035] An object of the present invention is to establish a cleaning technique capable of 
suppressing a discharge of mist into a clean room, and accordingly is to provide a 
cleaning device with which it is made possible to realize the shortest transfer distance 
(wafer flow path minimum) of a semiconductor substrate, which is suitable for 
production of high-integrated and high-performance semiconductor devices, through 
entire processing, by arranging semiconductor manufacturing devices approximately in a 
processing order. 

[0036] Further, an object of the present invention is to provide a cleaning device which 
considerably increases productivity in manufacturing of semiconductors, significantly 
reduces a running cost in a plant, and enhances freedom in design to a large extent. 
[0037] 

[Means for Solving the Problem] A cleaning device of the present invention is a 
completely-sealed-type cleaning device characterized by having a cleaning fluid inlet for 
introducing a cleaning fluid into the inside thereof; and a cleaning fluid outlet for 
discharging the inside cleaning fluid to the outside, and by having a cleaning tank which 
can be sealed after a cleaning object is housed inside; a tank which is connected to the 
cleaning fluid outlet and which is for storing the cleaning fluid after cleaning; and 
pressure-reducing means for causing the inside of the tank to be in a pressure-reduced 
state. 

[0038] A cleaning method of the present invention is a completely-sealed-type 
gas-liquid cleaning method, characterized in that, the cleaning tank is sealed after the 
cleaning object is placed inside the cleaning tank, insides of the cleaning tank, a line, and 
the pressure-reduction tank becomes in a pressure-reduced state by vacuuming inside the 
cleaning tank and the pressure-reduction tank communicating with the cleaning tank 
through the line, and then the chemical fluid is introduced to the inside of the cleaning 
tank by making the cleaning tank in the pressure-reduced state and chemical fluid supply 
source in a communicating state. 

[0039] According to the present invention, the inside of the cleaning device is sealed 
after a cleaning object is housed therein, and is kept in the pressure-reduced state by the 
pressure-reducing means, whereby there is no contamination by particles from the 
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atmosphere. 

[0040] In addition, even in a case of cleaning with a plurality of cleaning fluids such as 
the RCA cleaning, a transfer system is not required naturally since it is not necessary to 
transfer the cleaning object due to sequential introduction of the plurality of cleaning 
fluids into the single cleaning tank. Consequently, it is possible to avoid contamination 
by dust from mechanical sections of a transfer system. 

[0041] The cleaning fluid is introduced from the cleaning fluid inlet into the inside of the 
cleaning tank, and is discharged from the cleaning fluid outlet, whereby the cleaning 
fluid flows constantly Accordingly, particles detached from the cleaning object by 
cleaning are instantly discharged from the cleaning fluid outlet into the outside. 
Consequently, it is possible to avoid reattachment of the particles, which have been 
detached from the cleaning object, thereto. 

[0042] Further, since the cleaning device of the present invention is sealed, not only a 
liquid but also a gas can be used for cleaning, whereby alternative in cleaning can be 
expanded enhanced. 

[0043] Furthermore, since the cleaning device of the present invention is sealed, there 
is no mist flowing into a clean room. As a consequence, freedom of arranging the 
cleaning device is enhanced and it is possible to realize the shortest transfer distance of a 
semiconductor substrate through entire processing, the semiconductor substrate being 
suitable for production of high- integrated and high-performance semiconductor devices. 
In addition to this, a discharge of clean air in the clean room owing to generation of mist 
becomes unnecessary. 

[0044] Still further, in the cleaning device of the present invention, the cleaning fluid 
keeps flowing constantly, and accordingly, a cleaning object is always cleaned with a 
fresh cleaning fluid, whereby high efficiency in cleaning can be realized. 
[0045] (1) Incidentally, in the present invention, it is preferable that a cleaning tank be 
configured with a translucent material and light irradiation means, which is for 
irradiating the inside of the sealed cleaning tank with light, be provided to the outside of 
the cleaning tank. In terms of the light, infrared rays, ultraviolet rays, visible light or 
the like may be appropriately selected according to usage. 
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[0046] For example, an oxygen gas is introduced into the inside of the cleaning tank, 
and then, the oxygen gas is irradiated by ultraviolet rays, whereby ozone is generated. 
Accordingly, it is made possible to remove an organic matter from the cleaning object. 
[0047] In addition, by means of irradiation of infrared rays, it is made possible to heat 
the cleaning fluid without causing contamination. In the present invention, by adopting 
the light irradiation as a heating function, heating without contamination is possible. 
[0048] (2) In the present invention, pressure-increase means, which is for increase 
pressure of a cleaning fluid to be introduced to the inside of a cleaning tank, is preferably 
provided. 

[0049] The cleaning fluid, especially a cleaning liquid, which is to be introduced to the 
cleaning tank, is pressurized with the pressure-increase means so as to have an 
appropriate pressure, whereby an introducing flow rate of the cleaning fluid can be 
controlled. Since the flow rate of the cleaning fluid also influences on cleaning 
efficiency, optimum cleaning efficiency can be obtained by controlling the pressure 
thereof. 

[0050] (3) In the present invention, heating means for heating the inside of a cleaning 
tank is preferably provided. 

[0051] In the cleaning step shown in Table 1, for example, the cleaning fluid is heated 
in some case. Accordingly, if the heating means such as an external heater or an 
internal heater is provided, heating of the cleaning fluid is possible. 
[0052] (4) In the present invention, effects become more apparent by connecting a 
plurality of cleaning fluid sources to a cleaning fluid inlet through valves. Cleaning is 
performed by use of a plurality of chemical fluids as shown in Table 1 through a plurality 
of steps. In the conventional steps, when cleaning is performed, a cleaning object is 
necessarily exposed to the atmosphere between steps and the cleaning object has to be 
transferred between the steps. 

[0053] In contrast, in the present invention, it is possible to perform cleaning through 
the plurality of steps in a single tank without the transfer, whereby efficiency becomes 
more apparent. 

[0054] (5) In the present invention, purification means, which is for purifying the 
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cleaning fluid stored in the tank after cleaning, is preferably provided. 
[0055] In the present invention, the pressure-reducing means is provided, and an 
aspirator is preferably used as means for obtaining a clean pressure-reduced state. 
[0056] Subsequently, a cleaning method of the present invention will be described with 
reference to Fig. 4. In the cleaning method of the present invention, first, after a 
cleaning object 2 is placed inside a cleaning tank 13, the inside of the cleaning tank 13 is 
sealed and is blocked from the atmosphere. 

[0057] Secondly, by discharging air from the insides of the cleaning tank 13 and the 
pressure-reduction tank 14 communicating with the cleaning tank 13 through a line 
(discharging line) 29, the insides of the cleaning tank 13, of the line 29 and of the 
pressure-reduction tank 14 becomes in a pressure-reduced state. Note that, at that time, 
valves V10, V60 and V6 are closed and the valves V 15, V61, V62 and V63 are 
respectively opened. In addition, the discharging may be performed by use of 
discharging means 15, for example, a vacuum pump, an aspirator, or the like. 
[0058] Subsequently, the cleaning tank 13 in the pressure-reduced state and a chemical 
fluid supply source are made to be in a communicating state. This may be performed 
by opening the valve VI 0. When the cleaning tank 13 and the chemical fluid supply 
source become in the communicating state, the insides of the cleaning tank 13, of the line 
29 and of the pressure-reduction tank 14 are in the pressure-reduced state. Accordingly, 
the chemical fluid flows into the inside of the cleaning tank 13, and further flows into the 
inside of the pressure-reduction tank 14 through a line 29. Because of this, the 
chemical fluid in a flowing state is obtained, and the cleaning object 2 is cleaned by use 
of the chemical fluid in such a flowing state. Additionally, a reaction product gas, 
which is generated during cleaning, is generated, but it is immediately discharged into 
the inside of the pressure-reduction tank 14 through the line 29. Accordingly, there is 
no deterioration of cleaning efficiency due to dissolution of the reaction product gas into 
the chemical fluid, and it is possible to perform cleaning with high efficiency. 
[0059] In addition to this, since the chemical fluid after cleaning is discharged to the 
pressure-reducing pump, there arises no problem of mixing particles into the inside of 
the cleaning tank due to changes of chemical fluids. 
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[0060] Note that, in making the cleaning tank 13 and the chemical fluid supply source 
be in the communicating state (that is, during cleaning), it is acceptable to select any one 
of cases, where the air discharge inside the pressure-reduction tank 14 (and the cleaning 
tank 13) is not performed with the valve V62 closed, and where the air discharge is 
preformed. In the former case, the chemical fluid may be drained, after the valve V62 
is opened and the gas collected on the upper part of the pressure-reduction tank 14 is 
discharged. On the other hand, in the latter case, since if a large amount of gas is 
discharged, the chemical fluid is drawn toward the vacuum pump, vacuuming may be 
preformed at a degree of vacuum, at which the above mentioned phenomenon does not 
occur. 

[0061] The cleaning object 2 is left as it is after being cleaned with the chemical fluid, 
and then, rinsing thereof and the like are consecutively performed in the similar 
procedure to that of cleaning with a chemical fluid. 

[0062] After completion of entire cleaning processing such as the cleaning with the 
chemical fluid and rinsing, the valve V60 is opened and a cover gas (such as a nitrogen 
gas) is introduced. Thereafter, when the inside of the cleaning tank 13 becomes at the 
atmospheric pressure, the cleaning tank is opened. This is because the inside of the 
cleaning tank 13 is in the pressure-reduced state on completion of the cleaning 
processing. 

[0063] Note that, in a case of performing the successive cleaning with a gas instead of 
the chemical fluid, it suffices that the valves V62 and V63 are opened and an appropriate 
trap 44 is used. 

[0064] Note that, the pressure-reduced state is preferably at not higher than 100 Torr, 

and more preferably at 10 Torr to 100 Torr. 

[0065] 

[Embodiment of the Invention] (First Embodiment) An embodiment of a cleaning device 
of the present invention will be described based on Figs. 1 and 2. Note that although 
the embodiment will be described by taking the RCA cleaning as an example, the present 
invention is not fixed to the RCA cleaning. 

[0066] In the embodiment, the cleaning device includes a cleaning fluid inlet 1 1 for 
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introducing cleaning fluid 1 into the inside, and a cleaning fluid outlet 10 for discharging 
an inside cleaning fluid 1 to outside, and includes a cleaning tank 1 3 which can be sealed 
after a cleaning object 2 is housed inside, a tank (a pressure-reduction tank) 14 which is 
connected to the cleaning fluid outlet 10, and which is for storing the cleaning fluid after 
cleaning, and pressure-reducing means (a vacuum pump) for causing the inside of the 
tank 14 to be in a pressure-reduced state. 

[0067] Note that reference numeral VI 5 denotes a valve provided downstream of the 
cleaning fluid outlet 10; and Vio denotes a valve provided upstream of the cleaning fluid 
inlet 1 1 . An example of a detailed configuration of the cleaning tank 13 is shown in Fig. 
2. 

[0068] The cleaning tank 13 is configured of an upper container 6 and a lower 
container 7. The cleaning fluid outlet 10 is formed in an upper part of the upper 
container 6, and the cleaning fluid inlet 11 is formed in a lower container 7. Functions 
thereof can be preferably changed by switching between valves V 5 i and V 52 . To be 
more precise, a point a downstream of the valve V J5 and a point d upstream of the valve 
Vio are connected with a line 35 having the valve V 52 , and a point c upstream of the valve 
V15 and a point b downstream of the valve V10 are connected with a line 36 having the 
valve V 5] . This makes it possible to introduce the cleaning fluid through the cleaning 
fluid outlet 1 1 to the inside of the cleaning tank 13. Additionally, it is made possible to 
discharge the cleaning fluid from inside the cleaning tank 13 through the cleaning fluid 
inlet 10. 

[0069] In addition, the upper container 6 and the lower container 7 respectively have 
flange parts 12a and 12b. Each of the flanges 12a and each of the flanges 12b are 
attached closely to each other, and then, are fastened by use of clamps 8a and 8b. This 
realizes a cleaning tank in a sealed state. Note that an O-ring 14 is preferably 
interposed between each of the flanges 12a and each of the flanges 12b for the purpose 
of ensuring a highly sealed state. 

[0070] In the lower container 7, holding means 9 for holding a cleaning object is 
disposed. The holding means 9 is capable of holding one or a plurality of cleaning 
objects. 
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[0071] Further, a lamp 31 is provided, as heating means, outside the cleaning tank 13. 
A fluid supply line 20 is connected to the cleaning fluid inlet 1 1 of the cleaning tank 13. 
[0072] Additionally, first, the fluid supply line 20 is connected to an SPM source 22a 
through a tank 21a, a DHF source 22b through a supply tank 21b, an APM source 22c 
through a supply tank 21c, an HPM source 22d through a supply tank 2 Id, and an IPA 
source 22e through a supply tank 21e. Further, a pressure tank 24, which is for 
increasing pressures in the cleaning fluid inside each of supply tanks 21a, 21b, 21c, 21d 
and 21c, is connected to the tanks 21a, 21b, 21c, 2 Id, and 21e through the pressure line 
23. To the pressure tank, a pressurization gas, such as a nitrogen gas, source 25 is 
connected. 

[0073] In addition, secondly, the fluid supply line 20 is connected to a hydrogen gas 
source (mainly a gas source for hydrogen termination) 26a, a nitrogen gas source 26b, 
and a chlorine gas source (mainly a gas source for cleaning) 26c. 

[0074] Furthermore, thirdly, the fluid supply line 20 is connected to an extra-pure water 
source 28 is connected through an extra-pure water tank 27 

[0075] On the other hand, a discharging line 29 is connected to the cleaning fluid outlet 
10, and the discharging line 29 is connected to the vacuum pump 15 through the 
pressure-reduction tank 14. The cleaning fluid after cleaning is stored in the 
pressure-reduction tank 14, to which a drain port 30 for discharging the cleaning fluid is 
provided. 

[0076] Next, descriptions will be provided for a cleaning procedure using the cleaning 
device shown in Fig. 1 . The cleaning object 2 is set in the holding means 9 inside the 
lower container 7. 

[0077] Subsequently, each of the flange parts 12a of the upper container 6 and each of 
the flange parts 12b of the lower container 7 are attached closely to each other with the 
O-ring 64 interposed therebetween, and the cleaning tank 13 becomes in a sealed state by 
use of the clamps 8a and 8b. 

[0078] Subsequently, with the valves V 5 ] and V 52 opened, with the valve Vi 0 closed, 
with the valve V !5 is opened, and with the valve Vi 6 is closed, vacuuming is performed 
inside the pressure-reduction tank 14 by use of the vacuum pump 15. By performing 
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vacuuming of the pressure-reduction tank 14, the inside of the cleaning tank 13 becomes 
in a pressure-reduced state as well. 

[0079] When the inside of the cleaning tank becomes in a predetermined 
pressure-reduced state, the valve V 53 is closed, the valve Vi 0 is opened, and the valve Vg 
is opened. SPM inside the SPM supply tank 21a is sucked into the inside of the 
cleaning tank 13 through the cleaning fluid inlet 11, whereby cleaning of the cleaning 
object 2 is performed while the inside of the cleaning tank 13 is filled with SPM. In this 
respect, a speed of SPM flowing inside the cleaning tank 13 can be controlled by means 
of adjusting a vacuum speed by the valve Vi 5 , and of adjusting a pressure in the pressure 
tank. 

[0080] The SPM after cleaning is introduced to the pressure-reduction tank 14 through 
the cleaning fluid outlet 10, and is stored inside the pressure-reduction tank 14. 
[0081] After the SPM cleaning, with the valve V 8 closed and with the V !2 opened, 
while an N 2 gas is caused to flow, the SPM remaining inside the cleaning tank 13 is 
completely discharged from inside the cleaning tank 13. 

[0082] After the completion of discharging of the SPM from inside the cleaning tank 
13, the valve Vi is opened to introduce extra-pure water inside the extra-pure water tank 
27 into the cleaning tank 13, whereby rinsing is performed. 

[0083] Subsequently, through the same procedure as the SPM cleaning and rinsing, the 
DHF cleaning and rinsing, the APM cleaning and rinsing, the HPM cleaning and rinsing, 
and DHF cleaning and rinsing are performed. 

[0084] Note that, in a case where a used temperature is not a room temperature, it 
suffices that the lamp 31 is turned on to heat the cleaning fluid. 

[0085] After a completion of the last cleaning by a liquid and rinsing (the DHF 
cleaning and rinsing which are shown in the lowest row in Table 1 ), the valve 14 is 
opened in a state where the discharge and supply lines are inverted, with the valves Vi, 
Vio, and Vi 5 closed and with the valves V 5 i and V 52 opened. In a state where purified 
water is filled therein, IPA is introduced into the cleaning tank, and the fluid, which has a 
thin film-like IPA surface on the surface of the purified water, flows down through the 
outlet 1 1 , whereby similar effects as in the case of the conventional Marangoni drying 
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can be obtained. 

[0086] After drying, the valve Vn is opened to introduce hydrogen to the inside of the 

cleaning tank 13, whereby hydrogen termination processing is performed. 

Hereinbefore, the processing on the cleaning object 2 is completed. 

[0087] After a completion of the processing on the cleaning object 2, all of the valves are 

closed, and clamps 8a and 8b are removed to separate the upper tank 6 and the lower 

tank 7. Thereafter, the cleaning object 2 is taken out from the cleaning tank 13. 

Subsequently, processing on a next cleaning object is performed similarly. 

[0088] (Second Embodiment) An example of a second embodiment is shown in Fig. 

3. In this example, an aspirator 60 is used as the pressure-reducing means, instead of 

the vacuum pump 15 shown in Fig. 1. Other aspects are similar as in the case of the 

first embodiment. 

[0089] The aspirator is used as a simple pressure-reducing pump for discharging, and 
the ultimate pressure is approximately 10 Torr to 30 Torr. In addition, the aspirator can 
create a clean vacuum without diffusion of oil. Accordingly, this is preferably used in 
the present invention. 

[0090] (Third Embodiment) An example of a third embodiment is shown in Fig. 4. 
The major different points between this embodiment and the first embodiment are as 
follows. 

[0091] These are (1) a point that purification means 40 for a cleaning fluid after 
cleaning is provided to a drain port 30 of a pressure-reduction tank 14, and a circulation 
line 42 for returning the cleaning fluid after purification to a chemical fluid supply tank 
50, (2) a point that a pressure-reduction tank cleaning line 45 for cleaning the inside of 
the pressure-reduction tank 14 is provided, and (3) a point that a trap 44 is provided 
upstream of the vacuum pump 15. 

[0092] Other aspects are similar to the case of the first embodiment. Hereinafter, 
mainly in terms of the points (1) to (3), detailed descriptions will be provided. 
[0093] A filter 40 is provided as purification means to the drain port 30 of the 
pressure-reduction tank 14. This filter 40 functions for removal of particles and the like 
which flow in the cleaning fluid after cleaning. After being purified through the filter 
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40, the cleaning fluid is flown back into the chemical fluid tank 50 through the 
circulation line 42. 

[0094] Note that, although after cleaning, by making the cleaning fluid pass through the 
filter 40, the particles and the like are removed from the cleaning fluid, the cleaning 
ability thereof is deteriorated compared to an unused cleaning fluid. Therefore, after 
the degradation thereof is confirmed by use of a monitor or the like, the cleaning fluid is 
transferred to a waste fluid tank 48 and is disposed. 

[0095] Subsequently, cleaning of the pressure-reduction tank 14 will be described. A 
vacuum cleaning line 45 is connected to an exit of the pressure-reduction tank 14. On 
the vacuum cleaning line 45, a purified water circulation pump 52, cleaning purified 
water tank 53 and a waste purified water tank 54 are provided in this order. To the 
cleaning purified water tank 53 is a purified water source 55, which supplies purified 
water to the cleaning purified water tank 53, is connected. A gas-discharging line 56 is 
connected between the cleaning purified water tank 53 and the waste purified water tank 
54. 

[0096] After chemical fluid in the pressure-reduction tank 14 is transferred to the 
chemical fluid supply tank 50, or is drained through the waste chemical fluid tank 48 to 
be disposed of, purified water is supplied to the cleaning purified water tank 53 through 
the purified water supply line, and the inside of the tank is cleaned while the purified 
water is circulated by the purified water circulation pump 52. The purified water after 
cleaning is transferred to the waste purified water tank 54, and thereafter is drained. 
This operation is repeated to clean the inside of the pressure-reduction tank 14. 
[0097] Note that, it is also possible to enhance throughput by providing a number of 
pressure-reduction tanks 14, the number corresponding to chemical fluid types, and by 
switching among valves. 

[0098] Next, descriptions will be provided for the embodiment shown in Fig. 4 with 
respect to an operation method thereof. With V10, V60 and V6 closed, and with VI 5, 
V61, V62 and V63 opened, the vacuum pump 15 is operated. Accordingly, insides of 
the pressure-reduction tank 14, a discharging line 29 and a cleaning tank 13 become in a 
pressure-reduced state. 
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[0099] The V60, V62, V63 and V6 are closed, and the VI 0, VI 5 and V61 are opened. 
Since the inside of the cleaning tank 13 is in the pressure-reduced state, chemical fluid 
flows into the inside of this pressure-reduced cleaning tank 14. Concurrently, the 
discharging line and the discharging line 29 
[0100] 

[Example] Subsequently, an example of the present invention will be provided. A 
cleaning test was carried out by using the cleaning device shown in Fig. 1 and the 
cleaning device shown in Fig. 5. 

[0101] A silicon wafer having a diameter of 8 inch (cleaning object) was prepared and 
was immersed in fluid of 0.5% hydrofluoric acid (lppm of CuCb added) for ten minutes 
to cause metal contamination on a surface of the silicon wafer. 

[0102] After the above-described immersion, over-flow rinsing using extra-pure water 
was performed for five minutes, and subsequently, spin-drying was performed. 
[0103] This silicon wafer was housed inside the sealed cleaning tank 13 in Fig. 3, and 
pressure inside the pressure-reduction tank 14 was reduced to be in vacuum at 20 Torr by 
use of the vacuum pump. Concurrently, a pressurization gas 25 was sent into the 
pressure tank 24, and SPM was supplied from a SPM supply tank into the cleaning tank 
13. After the supply of SPM for a predetermined time, the supply of SPM was finished 
and SPM inside the cleaning tank 13 was sent into the pressure-reduction tank 14. 
Thereafter, extra-pure water was supplied from the tank 27 to the inside of the cleaning 
tank 13 to perform rinsing. Note that the vacuum pump 15 was being operated during 
the time. 

[0104] Subsequently, through the same procedure as that of the SPM cleaning, the DHF 
cleaning, the APM cleaning, the HMP cleaning and the DHF cleaning were carried out. 
[0105] Note that, the valve VI 6 of the pressure-reduction tank 30 was appropriately 
opened/closed to drain the cleaning chemical fluid after cleaning in the 
pressure-reduction tank 14. Thereafter, processing was performed by use of a Ch gas. 
[0106] Subsequently, purified water and EPA were supplied to the cleaning tank 13 and 
drying processing was performed. After the IPA drying, a hydrogen gas was supplied to 
the cleaning tank 13 and hydrogen termination processing was performed. After the 
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above procedures, the cleaning tank 13 was opened and the silicon wafer was taken out. 
[0107] On the other hand, for comparison, by use of the cleaning device shown in Fig. 
5, cleaning was performed on a silicon wafer, which was contaminated with metal 
through the procedure shown in Fig. 1 . 

[0108] On examination on residual metals and natural oxide films on the 
above-described silicon wafers, residual particles and residual metal of the silicon wafer 
cleaned by use of the cleaning device of Fig. 1 were respectively reduced to one third 
and one fifth of those of the silicon wafer cleaned by use of the cleaning device of Fig. 5. 
[0109] 

[Effect of the Invention] According to the present invention, following various effects 
can be realized. 

[0110] (1) Because there is no contact with the atmosphere from the cleaning to the 
drying, contamination and oxidation can be prevented. 

(2) Selection range of cleaning chemical can be increased from a liquid to gas. Various 
combinations of cleaning methods are possible. 

[0111] (3) An increase in flow rate of fluid, an increase in rate of replacement inside the 
tank, and vacuum drying can be possible by reducing/increasing of pressure, whereby 
time saving in cleaning can be realized efficiency in chemical fluid replacement, rinsing 
and drying. 

[0112] (4) The removed particles can be discharged to the outside of the tank at a high 
flow rate, and can be prevented from being attached to the cleaning object again. 
Consequently, cleaning at high cleanliness can be realized. (5) Ion mist emission is 
prevented. 

[Brief description of the drawings] 

[Fig. 1] Fig. 1 is a schematic diagram of a system of a cleaning device according to a 
first embodiment of the present invention. 

[Fig. 2] Fig. 2 is a cross-sectional view showing an example of a cleaning tank of the 
cleaning device of the present invention. 

[Fig. 3] Fig. 3 is a schematic diagram of a system of a cleaning device according to a 
second embodiment of the present invention. 



23 



Tokkai-hei 11-233471 



[Fig. 4] Fig. 3 is a schematic diagram of a system of a cleaning device according to a 
third embodiment of the present invention. 

[Fig. 5] Fig. 5 is a schematic diagram showing a conventional cleaning device. 
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IS** UT<WiWHROKSiEKIi 1 0 k m>£< £ 
aUU. B*by*/k M«*v?x£->IlTi8& 
7 u-X H xX-f A£ J: *li^(i^Effi^Jfp$i|(i 

[ o o 2 3 ] s «5>t. ?»E«)««xr«ia«aBi. 

tf^y-y^-ArtKEO&ait&^ipC, x 



dcoBSti. ^y-y/U-Artcg^l^tfBXOiitix. 
IV-y/i'-A.ftZiiimiXlioZkizK&t:*). W 

*U7^*fcJbW t *fc*>(c*Wl*'? htf>tt»*#OT 
b b . ? 'J - y/l/- A |*iT'C0&#glOt£!l§j9r i: X ? 

[00 24] fcifi, iDfcVWESfciiOT* 

<, tt&mtmcDU'Jx hffMtZtilfelibX^hff. Z 

towjzvimi oppbfcffitssorytxrcta: 

!§CRl5LTl'i^b^^t££tl>£s\ RCA 

m Lxwrnthmtttt?*. . 
[0025] ja±»*fc «t a mm>mtm£}$^ 
x it $ x h £ ? y -y/u-ArtcSftB-r ^ y - 
y^-Art-p<o«c^s<oiftat»BfJiK'9^ i><r)b% 
h. zuz, mm&xmt&msh&wimizm? 
m®mft,zi}mji7immwt<?>m&x\ -eoigg^m 
uzwzmmzm. *msk. wmru^zwm 
%&wm. ?%ht>mm7a-kA<D)imzfcd xoizm 
*cr)W&w : mmw£E.w.-f&ztitx'Z-r. m^ttx 
^mfa<nw®mtfwikiz& < %^x*m&T'U 

mm*. 

[oo26]® <o*%t>-r. m&nffit&mzti^x 

[0027] 

[0028] SWkLfci*»»0*MI*SJJfc 

thztzmt-ri. 

[0029] immt. mm<7immiz%£.-thm 

&tlZb*Bttob-9-h. 

[0030] *wm. *§sjj>t><w-T * Dvwk. 
^mm&w&mmh z 1 1 a ts . 

[0031 ] «8fcjWHfr&«Kbfc/t-f-< 
[0032] *%B>1li, #x&SA(CcUifc?fSiR&£ 



[0033] *3M«i, aacon v v u-)Vimm& 

[0034} *JMBIi. 9 'J -v/h-Aft^s;?. ha 
[0035] *fM«i, uw;- yyu-Af*)^ 

[0036] ¥3MMHii*>£ett£«>T*< 
U I%05V-y^3Xh***te|W»C*, Mots 

[0037] 

t. tsm^mmtamzm^ti. smtnmm 
[0038] ^%mcr>mmm\i. mmtzmwm 

Wky4 Vi-ftlXimiX^h&m?y?fikZm, 

£«E#«i:u msmmmmtmL^mitz 
[0039] *%wxn. mmmammmi^md 

[0040] ifc. RCAft«K0J:d*WR«ft»»* 

[0041] mmt. mmmxQfrhmwi 
mzmx-ti t k t>tzmm%MtixniFt>titiii ixa 
mmmmii^mvx^i. ^t. 

ktch. 

1 0 0 4 2 ] § fete, #&Hf]c7)ffi#gSJ±$ffl$ftT^ 
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[0043] *fc, *&BJltf>i*#JSE*±, WflitfiX^ 

n*. m%mn®m<?)&&%tf s mtk kuz&m ■ 

a h!64tct i&o 7 'J-y;P-^rt<07 U-vxt<d 
[ 0 0 4 4 ] $ 4>tc. #f&0Jj?)&#2SBT'<i. %j»JWSE 

^Sr^^-rscifct^ro. is^mmhmzm&thzk 

[ 0 0 4 5 ] ® *»IBC*JV^tt. ffiitlf £S§3fe 

mmzxm&i. mztvzmwfttzytzmii- 
ztzfrnftm^mmmmzmii z t m * i 
\,\ zzx-ftkixumm. mm. Tmx&xm& 

[0046] tiklli . ift?§>«f*|t;:i?ig#.x£&AU 
[0047] fflM&mt1-&ZktzX*)m$kt: 

±?izk%<mmmwim&fToz.tmmk% 
h . ^mxm^mmumMixn ?zk -vm&xt 

[0048]® *#Hfcisvvcii. mW^*A?S> 

mmmzto&.?&fi:#><?)tozmmv& z k m 

[0049] m m^mx-tmmm. mzrmm 

temmakmmhzktfx%h. m^wmm. 
mim%mz\>'m*s-). ht&&3> mmi z z 
kuzx *)mm%mft%imz'&hzkipxhh. 

[00503 ® *mttzt=^Xl±. ftt&fiZtim-t&t: 

[0051] mmm i izin-m.^xmzhr.xam^ 

t - f tt k.<»mmk * mx a mf as** 
*smk%z>. 

[oo52]® *ftwxit. mmmtiLtmtm 
mmtm\ntz'W7t:itix®mz> z k izx o^m 
#x v-mmztiz . mim i fc^t t o izm<?) 
wjhmim^xm.ni.mtzk'iX'fthtih. 
*nxnx\tmt:'iT?i%r£it. zxwsizti^xim 
mzfflmmt*&izmzti&L. tn. xmmmm 

[0053] Ifrhlz. *^Bj-c-ti. S^lS^-o 

commizti^ximift o z t %<mz'<io z k# 

[0054]® JWWIfcJUVvttt. 9>9\zm*>t>1Xk. 
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[0055]® *m?mmmmx^ht><. m 

[0056] <Kfc*Wfl*>»iWra*H4 fcJBwcWH 

KBS* 2 £SSA Lfc«i!fc»« 1 3 rt£«0HfcL*ftfc 

[00 57] ftft:, 1 3rtfcifc#ffll 3fc54v 
(SKJ5-fV) 2 9^LTiiiiLTV^«E^y^l 
4rtfc*SWl-r6it(cJ:"3ft»flll3rt. 54 29V 

A/U;/V 10, V6 0 , Ay^V 1 5 , 

V61. V62. V6 3it*tl*tmtlXti<. t 

i o o 5 8 ] <x(c , «E«no%»4g 1 3 fcxftflttt* 

kizX Off itf i ^. ftMf 1 3 £$ffittiffiBfc 2:3® 
ifc#ffll3, 54^29, ME^y^l 

4rtttj*ffiWi-c**fc«>. as»ifciMii3rtfcs*i 

Ikk UZ?4 >29 ZfttxmJi? 1 4 rtfciftfc 

iz*& mmme&itt » o z t < . ismnsc 
[0059] <o»*^ mmk<vm\msxy7iz 

[0060] mm 1 3tmmmmtz&m# 

t 1 4rt (WvCtiSiMt 1 3 ) 

X'i> J: K »#*>*£a»tt^7V 6 2 £RJfc LT$ 

E^y? i 4rto±«fcffl4orv^^*s»iLfca 
< i/trs t m&mzxyTizihfrtix Ltd 

«tv>. 

[0061] aSSK J: 6a»»litt8HWft2tt* «4 4 
fcLT««fc:J:*8»i:H«<0*J«-Ci««WlcU yxm 

[0062] g«gt«t &ifc>*. 'J yx^M^HUS^ 
fcTtttt. A';uyv6 0$rg3i:t. ij*-iix 

**au mrni smtt&tLxmn 
nmtfb. ^ tel. mjLfmjVf&x'iimmi 3 



1 0 0 6 3 ] SBS^ftfcWctfX-Cji^ifci* Srff 
7«£(iA/|,7V6 2, V6 3ZmklXm%<Ohyv 

[0064] ^fc, MeiSffiimiilOOTorrOT 
* { jSF4L<. 10Torr~10 0Torr#g:>)i?4 
U\ 

[0065] 

[^ionifio^®] (^lcoJBffi) miti£V : ®2l,z 

mZRC AffiHz kt>hti&Zk Jifrv \ 
[0066] *JWBTIi. rt»t«»ffla* 1 £*At 

* m^m&thKtonmmmm&u 1 0 1 

u rtgBicaa?i*2 5-iRlfW^rig^a^« 1 3 

fcm®#>z>tz#><r)?y? (m£?y?) \4k,?y 
9 1 4<ort«*iSEttJBfc't&fcA«JSE^S 

[ 0 0 6 7 ] V 1 5(i$W8SKttttffla 1 0<OT 

□ 1 10±5SfciS(t^>^^>7 r T'i>l>. H2(=%»tt 
1 3^BIB*»*W*5tt. 

[00 68 3 mm 3Ji±S»6tT»»7i:*»fefll 

*s*iTv>*. jiSS6<o±a5ttt^fflS[f*sfaiPi 
i*^$nr^i>* ? . WTv n . v h i<nmm*.\z 

^<^yv BI «r#t*5-f V3 5-CISrA aV^V 15 <7) 
±85^c bW7V 1 0*>T«IBItf>J&b t SrA'/U^V 

5I Sr^r-rs 54 y 3 6-as^tj»ttf«e5Sfcj6fcat» 

[0069] 4fc. ±Stl6fcJ:irF«Ss7Ji-?-ix-? f il 
7yy'JU\ 2a, 1 2bJWLT^§. ±$^6tT 
^5l7tS:-eix-fa<075y> ; gSl 2at75>^'l 2 
bi£®*£tfTittf>:Pi8a. 8 btcj: 0«SW#«tS^ 
ft: J: Offiffl^fficoa^ttfti-rs Z k tfX'% h . ^rfc. 

y xg? 1 2 a k 7 5 V £TO 1 2 b t cOSft:^^ Ubl 

zktfm n\ 

[0070] t«S7 fiiztefflimi&vffi-r&fiivxn 
m&mtf&m$tix^h. »^g9tc«i«t*s 

[0071 1 4^, 1 3<0*|«tail«»*Rk L 
T 5XT3 l*«RJtfeitr^4. ft^lfl 3coa?ffflSl 
I^AO 1 1 ft:liflS<*&*&54 y 2 otfmmztix^ 
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[0 0 7 2] zix, zr>mmm4v2o\,z\t. fll 

1(C. ^y^2 1aSr^-L.TSPM}®2 2at, 
y?2 lb£:frl,TDHF}I2 2bk. ft&?>?2 1 
c^^-LTAPMj!|2 2ct. 2 1 d $-^L 

THPMj!S2 2dfc. 2 1 e £tf-LT I PA 

«2 2ejWJ«S*iT^4. £4>fc. 2 1 

a. 2 1b, 2 1c, 2 Id. 2 1 e rtOffiftMSM: 
1^?ht&30ME.9>9 2 4jWShE54 V 2 3fc#L 
T?y;21a, 21b, 21c, 21d, 2 1e£J$ 

[00 7 3] *LT. «*tt»54 f2 0fctt. 82 
fc. **XT^* (±C**»«ffl^«) 2 6a, fiBR 
tfXS2 6 b . SX^TXX < ±t=«fe*ffl^«) 2 6c 

[00 74] Sfc(C. SStttt&74 y2 0tCtt, 353 

[0075]-*. mm 1 3<oa»ffla*w»ajp 1 o 
*. $s?y? 1 4t=tt. ft»»«)afe»flaa*4«sftfe 
[0076] mm i K5rraK*«iH*ffi^fc«fe»¥Ji 

[00 7 7] OVV*\ ±.mi6<?)y?>~;&l 2akT 
®&70)7y> : Jm2bti:OV>r6 4Z'ft&Zit 

[00 78] ovvp/'Ol'T'V,, . V 52 $rffl, AfrlTV,, 

T15KJ:"JJSE^^14rt««aSI**ff3. ME 
^y^l4«JB85l*«:firdifcK:J: l )ftiMll3rtfc 

[0079] a»»rtjWWe«»E«»i:«r->fc4: i 4 
Tv\7U7"v 53 £BL ^>7"V 10 S-^, /W7V,£|l!fc 
SPMftt&?y?2 1 artcOSPMteffi&fflSSfc 

#api l&itixmmi 3pyva^±(ff>*i. m 
m i 3 n tffit: t^mmm 2 vmtmhixh . <r 

h S P McoSS^$iJP1-4 CI k #T'£ & . 
[0080] mW) SPM f2ffi#ffl8Stt«EiBP 1 0 £ 

^•LTMff^y^ 1 4(c»*^, mi±?y-7 1 4mcHr 

[0081] SPMffim£(iA;U7V 8 $rPHkLTV 12 

&m»xN 1 #zz$LL%iJ t e>mm 3mzm&Lx 



[0 082] SPM^«»»13rt*»4>»a}tilMj-»fc 
^^v,tH|fcUTMl6*^y^2 7rt«)iB«* 
1 3 rttSA-T S CI k C J: 0 U y* Srfir 3 . 
[0083] OlrVC\ SPMffiif. yyxkiiitt^i 
T'DHFffif^ 'J^. APMffi^yy*, HPMffi 

[ 0 084 ] frti. ttfflfflKtfSfflTfcV^fctt^y 

[0085] «*t J: y y* 1 tc* 

■t«TafciWf4DHF«i», yyx) m~nk. 

At, «7k«ffit:?iK*t»^5fut I PAffi£#M<p 

|B»*>»**1« c k tm&btch. 
[0086] mm. A/i^/v, , £H3k LT*«t*» 
«1 3rtfc»AtT**R»Mr3. &±X-mffito2 

[0087] m,ma 2'\cr)$mmim. ^tw* 
sis 7 k * ^wkwrnm 2 tt#m 1 3*^iRoaj 
[0088] (&2cr>mm) &2(?>mmmt:m3iz* 

[0089] f^-^ii©m^pmffl«£E^yrk 

LTfflV^^. mim£g.lHmi OTo r r-30T 
^(^ffl^^4c:k* ? t'^l.. 

[0090] ( JfttOJgffiffl ) 04 (^R30ffililM^ 

mimBb<n±%ttm&im(?)mx'f)Z>. 

[009 1 ] »« J E^y^l4<0Hl^-f yP3 0tca?t 
!WW»JBiWW««k¥R4 OSriSft-g. k k i&tMft 

<<V42Zmtz£k. 

» iSff^ 1 4rt£ffift-t&£*><7)iffiE;$' 
-fy4 5£|g»t^ 

• h y 7 r 4 4 £K£*yT 1 5 ^>±8EfclHtfcjfii. 

xhh. 

[0092] mnmm 1 onffi<ojg®k mmx-h & . 
s. 

[0 09 3] JSE^y^l4«0h'U^yP3 0Wi> tt 
^#SkLT7-f;^4 0*<IS»t4>itTV^. >l<07-r 

4 0 ii . m®nm&mwito>t»tz#m-t h a— f -f 

^A4P*lfc*f *ftfl«r«fc-J-. 7 -f ;U^-4 0(Cfc^ 
Tt€'ft$it^Sli57'f ^4 2*m->XmL?v7 5 0 



(8) 



*rflH¥ 1 1-233471 



[0094] 7<r;k$'-4 0 5:ffl-MfcCJ:9, 

*-?m'gitiftmztifd£. mm? y? 4 8 

[00 9 5] mz. 1 4<r)rkmz-o^TWR 

mmztix^z. mm$74 vas&z^ mm 

54#jictsft4>*vt^i>. Tamm&nty? 5 3 at 
mfmfctv? 5 3tzm?&m<7)m.m5 5 m 

i o o 9 6 ] y? 1 4 nmKZ&mmi? y ? 5 
oiz&m?&i)\ mmm9y?4 8iittxmmuz 
a. «*ftt&7^f yfrt>mftmm.?y-7 5 3 
<*&u m.w%*yy5 2X'vmLtf:tft>?y'7nu 
*m-th . mmymtwmm? y?5 4 izm 

LYVy-Th. z\<rtME*m&L. ®&?y?l4V> 

[0097]^, m.9 y? 1 4 $m&nmmizmi 
tzmwx^iurm&iizz. <ox^-r-y hz±.if%> 
zbi>*imx-s>&. 

I 0 0 9 8 ] mz . 04 fc^t $&£&fW&Ofb&&» 
^HaWS. VI 0. V60. V6£RL VI 5, V6 
1, V62, V6 3 5rPtLTK^yTl 5^f^iS$ 

ie^H, mmy^y29. mmi3<?)fi 
&z£®j±vmiz-rz>. 

[0099]V60,V62,V6 3, V6£0L VI 
0, VI 5. V6 l£Hfc-f&. ifc#«13f*lJi«E# 
©Ti>S^^lic:<?)ME$^ita^» 1 4 rtCcEh. 
6. fcfcifc, ®&v4y. mmy^y29 

[0 100] 

[0 101] 84 y^S«0v'jn>"7x/N (Jafciftj*^) 
fcJMKU COv'Jny^x/NiJr^vKO. 5%(Cu 
Cl 2 1 PPmSSOp) ?S+{C1 O^SatTv-'Jn 

[0102] ±JEi§)Jff&. mm^zxh^-.><-yu- 

[0 103] ZCOi/VziyTjXJstmKVtftftmi 3|*I 
(cSfHTOL. Jt&Kyncki^iSE**? 14 $-2 
OTorrlzM^m-r&btijlZ. inEJS#*2 5£ 

iraEE* y ? 2 4 Kg oa* s PM&&? y?frt> spm 



i4izmzA,m. ?y?27frt>m&ii&mi&i 

3Hz&teLX>)yAZ'H^tz. &i>, ^HKS.+ry 
71 5ttB»SHt*: 

[ 0 1 0 4 ] Ol, v?\ S P Mffiif i PiacO^llt'D H F 
$t#. APMm. HPM&ft, DHFijfc^Srffo*;. 

[010 5] SSME^y^OtfV'Ot-T'Vl 6 
5rPHtt«flE^y^ 1 4ftlztsV&m&C0tiiftm 

[0 106] owe, tt*fciPA£ffi»»i3fcttift 

nai*if->fc. i PA&m. mm i 3 

[0107] Jt«W)fc»H5fc*rac»«iB*ffl 
wr, Snc^^Jii-C^m^^^i'Uny^xyN 

[0108] ±ie^ >j 3 y TyxjMzomis&mt m. 
mmn^tzu^ay^x.JMt^ msnmftmmzm^ 

xmm^-otz^') 3 >"7xy\fc]t^T?i®^— t < 9 
;Wil/3t=. BHrftKttl/StJft^Lfc. 
[0 109] 

ill.. 

[0110]® 8fe#*»^>«fl|*T*»KJIWi*^fc«>» 

• a^isk Lxm&frt>f5.&£X'mm$mw&<%z>. 

[0111 ] »JdE. «Efc J: tr-K7v 
0 m?83c}i . 'J >^ . «6«W«Wsft fc J: S ftfiw* (3^^ 

[ o 1 1 2 ] » ^*l^n*-t < 9)\>*wmzxm\ 

[B9iB0ffi4L&ft«] 

CHI] 1 *)lttlO»BCff*ftjM6ai«)>' 

xy-j>m%mx'hh. 

[02] *«WfctJ»t*8HMS!lK:*j»t*ftiMlo-W 
Sr^-t»iffi0T-J)S. 

[03] *w%co&2(?mk<mmzmmftm&coi' 

xr^mMX-hh. 

im4]^mcom3(r>mmmm^i,m^m<o^ 
XT^m±mx-hh. 

[05] $wm&&&*7xmmx:kh. 

la SPMftftffl. 
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lb DHDffl, 

lc APMH, 

Id MHPff, 

le DHFH, 

2 S»OlA), 

6 ±S88. 

7 

8a, 8bihftft» 
9 

10 &&fflatftJ»ilJP. 

1 1 mm^mxn. 

12a, 12b 7 7^^, 

13 mm. 

14 

15 «ffi*s (USEjifyr) 
20 cSftttte^y. 

21a SPM«f&:?y$\ 

2 1b DHF$te?>:7, 

21c APMft&?y*\ 

21d HPMttl&^y^, 

22a SPMftttflU 

2 2b DHF&&il, 

22c APMAtMR, 

2 2d HPMfttftS. 
2 4 



2 5 jBEW^a, 
26a 

26b B*xrx8L 
26c 

26d *fi*t=*IKLfcIPASL 

27 m&fcfy?. 

2 8 

29 mmy^y. 

30 HW^n, 

31 mm^tk 

40 mmmwm&m(7 <)Vf) 

4 1 flBMfxr. 

42 

44 h5/r. 

45 ffl±?>?ffii>7'<>. 

4 8 tfeicggft?:/?. 

5 0 agRiltt&^y^. 
5 2 *&*«8ltfy7\ 

5 3 ffirMMrt^y?. 

5 4 

5 5 tfcMB. 

5 6 *HR?4>\ 

6 0 mm . 
64 O'jy/. 



[02] 



j1 



97773 ^^.M 
13 



2 

B -tSS 
7 T8S 

9 



10 ftfrfflttfWHHO 

12a.l2b 7 9V 0* 

13 £*» 

14 0-9^ 
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